Studies of the etiology of colon cancer indicate that it is strongly associated with diet and lifestyle factors. The authors use data from a population-based study conducted in northern California, Utah, and Minnesota in 1991-1995 to determine lifestyle patterns and their association with colon cancer. Data obtained from 1,993 cases and 2,410 controls were grouped by using factor analyses to describe various aspects of lifestyle patterns. The first five lifestyle patterns for both men and women loaded heavily on dietary variables and were labeled: "Western," "moderation," "calcium/low-fat dairy," "meat and mutagens," and "nibblers, smoking, and coffee." Other important lifestyle patterns that emerged were labeled "body size," "medication and supplementation," "alcohol," and "physical activity." Among both men and women, the lifestyle characterized by high levels of physical activity was the most marked lifestyle associated with colon cancer (odds ratios = 0.42, 95% confidence interval: 0.32, 0.55 and odds ratio = 0.52, 95% confidence interval: 0.39, 0.69, for men and women, respectively) followed by medication and supplementation (odds ratio = 1.68, 95% confidence interval: 1.29, 2.18 and odds ratio = 1.63, 95% Cl 1.23, 2.16, respectively). Other lifestyles that were associated with colon cancer were the Western lifestyle, the lifestyle characterized by large body size, and the one characterized by calcium and low-fat dairy. Different lifestyle patterns appear to have age-and tumor site-specific associations. Am J Epidemiol 1999;150:869-77.
factors that may alter risk of colon cancer. We do this by merging many individual exposures associated with risk into lifestyle factors that explain variability in the population. We examine the impact of these lifestyle factors on colon cancer to determine which of them may be most important in the population.
MATERIALS AND METHODS

Study population
Study participants were recruited from the Kaiser Permanente Medical Care Program of Northern California, an eight-county area in Utah (Davis, Salt Lake, Utah, Weber, Wasatch, Tooele, Morgan, and Summit counties) and the metropolitan Twin Cities area (Anoka, Carver, Dakota, Hennepin, Ramsey, Scott, and Washington counties) of Minnesota. A rapid-reporting system was used to identify cases, with the majority of cases being interviewed within 4 months of diagnosis. Eligibility criteria for cases included diagnosis with first primary incident colon cancer (International Classification of Diseases for Oncology, 2nd edition, codes 18.0 and 18. 2-18.9) between October 1, 1991, and September 30, 1994; aged 30-79 years at time of diagnosis; Black, White, or Hispanic background; and mentally competent to complete the interview. Cases with cancers of the rec-tosigmoid junction or rectum (defined as the first 15 cm from the anal opening), with known familial adenomatous polyposis, ulcerative colitis, or Crohn's disease were not eligible. Of those cases invited to participate in the study, approximately 76 percent cooperated. Methods used to ascertain controls have been reported and include random selection from Kaiser membership lists in California, random-digit dialing, and random selection from driver's license lists and Social Security lists in Utah; and random selection from driver's license lists in Minnesota (7) . Of all controls asked to participate, approximately 64 percent cooperated. Reasons for nonparticipation have been described elsewhere (8) : 29.5 percent of controls identified refused to participate, and 15.5 percent could not be located. Of those who could not be located, 88 percent were from Minnesota, where people obtaining a driver's license were added but those who moved out of the state or who no longer held a valid Minnesota driver's license were not deleted from lists. A total of 1,993 cases and 2,410 controls with complete data are included in the analyses presented.
Data collection
Data were collected from study participants by trained and certified interviewers using laptop computers. The study questionnaire was pretested on a randomly selected (using random-digit dialing) group of people over age 50 years living in Utah. The referent period that study participants were asked to recall was the calendar year 2 years prior to the date of selection (the date of diagnosis for cases or the date of selection for controls). The interview took approximately 2 hours to complete. Quality-control methods used in the study have been described elsewhere (9, 10) .
Dietary intake data were ascertained using an adaptation of the validated Coronary Artery Risk Development in Young Adult (CARDIA) diet history questionnaire (10) (11) (12) . Nutrient values for specific foods were calculated using the Minnesota Nutrition Coordinating Center's nutrient database version 19 (13) . Foods included in various food groups have been described previously (14) (15) (16) . Servings within food groups were developed by assigning each food item a standard serving size; the number of standard servings consumed from a food group were summed for each individual. Dietary data included in these analyses were total energy intake, dietary fiber, calcium, dietary cholesterol, folic acid, sucrose, animal protein, vegetable protein, red meat, fish, poultry, eggs, low-and high-fat dairy products, whole and refined grains, vegetables, fruits, and sugar. Other data used in these analyses were age at the time of diagnosis or selection; body mass index (weight/height 2 for men and weight/height IJ for women) self-reported for the referent year; presence or absence of first-degree relatives with colorectal cancer; use of aspirin and/or nonsteroidal anti-inflammatory drugs on a regular basis (hereafter grouped together and referred to as NSAIDs); usual number of cigarettes smoked; amount of alcohol consumed during the referent year; use of vitamin/mineral supplements; long-term vigorous physical activity; education level; number of meals eaten per day; usual amount of coffee consumed per day; and a mutagen index that takes into account the amount of meat eaten, how it is prepared, and whether it is precooked in a microwave. Total number of times pregnant and use of hormone replacement therapy (HRT) were obtained as part of the reproductive history section of the questionnaire and were used as lifestyle variables for women.
Statistical methods
Lifestyle factors. Diet and lifestyle variables, as described above, were included in the factor analysis. These variables were chosen because of their previous associations with colon cancer, either in these data or in other published data. Lifestyle factors were developed using factor analysis as described elsewhere (14) , using the Statistical Analysis Software principal components program (17) . Factors with eigenvalues of greater than 1.0 were further evaluated. Within a factor, a negative loading indicates that lifestyle variables are inversely associated with the factor, while a positive loading indicates a direct association with the factor. The larger the loading of a variable to the factor, the greater the contribution of that variable to a specific factor. Variables that loaded at 0.20 or greater were considered to be making a larger contribution to the factor and are italic in tables; the value for meaningful factor loading, however, is arbitrary. After a varimax rotation, factor scores were saved from the principal component analyses for each individual. All data presented are from the varimax rotation. These scores were used to estimate associations with colon cancer and determine which composite of factors may be most important in colon cancer etiology. Because of the exploratory nature of factor analyses, we compared factors identified from the principal-components factor analysis method with those obtained from the maximum likelihood method, as further verification of the appropriateness of the factors. In many instances, the maximum likelihood method did not converge, although the principal component method did. In this paper, we present data generated from the principal components method. Labeling of lifestyle patterns was done based upon our interpretation of the data and does not represent a priori lifestyle patterns. However, the labels given were those that we believed were representative of the existing literature on colon cancer. It should be kept in mind that these labels are arbitrary, and others may be equally suited to the data.
Analytic methods. Age-specific analyses used the median age of the controls, 67 years, as the cutpoint. Factor scores were categorized into quintiles based upon the distribution of the control population for men and for women separately. To determine the associations between dietary factors or eating patterns and colon cancer, odds ratios and 95 percent confidence intervals were calculated from unconditional logistic regression models. Age-adjusted estimates of association were generated as well as backward stepwise logistic regression models that included all factors. On the basis of these results, we developed models that best represented the data and constructed multiple logistic regression models that included all lifestyle factors that appeared to contribute to risk. Tumor site within the colon was classified as proximal (cecum through transverse colon) or distal (splenic flexure, descending, and sigmoid colon).
RESULTS
The first five factors were almost identical among men (table 1) and women (table 2) and loaded heavily on dietary components. We have labeled the first factor "Western" since it loaded heavily on most dietary items typical of a Western diet, including total energy intake, dietary cholesterol, animal protein, red meat, refined grains, high-fat dairy, and sugar; physical activity showed one of its lowest loadings to this factor. The second factor was labeled "moderation." Although it loaded heavily on dietary fiber, folic acid, vegetable protein, whole grains, and fruits and vegetables, it had high loadings on sucrose and total energy and moderate-to-low loadings on fish, poultry, animal protein, cholesterol, sugar, and physical activity (loadings of between 0.10 to 0.20). The next factor, characterized by low-fat dairy foods and calcium, although whole grains contributed to the factor in both men and women and sucrose contributed to the factor among women, was labeled "calcium/low-fat dairy." Animal protein, red meat, fish, poultry, and mutagen index loaded to the next factor we labeled "meat and mutagens." The fifth lifestyle factor, labeled "nibblers, smoking, and coffee" was characterized by smoking cigarettes, eating frequent meals, and drinking coffee.
The remaining factors varied in order of contribution of variability to lifestyle among men and women. Among men, factor 6 loaded heavily on alcohol and was labeled "alcohol" (table 1). Factor 7 among men was typified by higher education and higher levels of vigorous activity; we called this factor "physical activity." Factor 8 represented men who did not take multivitamins or use aspirin or NSAFDS and who were also more likely to have a family history of colorectal cancer and was labeled "medication and supplementation." Factor 9 among men was represented by larger body size. Among women, a larger body size and increased parity was associated with factor 6. Factor 7 (not shown in table) did not load heavily on any item but had low loadings on several items. Factor 8 among women included those who did not take multivitamins, aspirin and/or NSAIDS, or HRT and was called medication and supplementation. Physical activity loaded heavily to factor 9 among women; family history of colorectal cancer was inversely associated with this factor (labeled physical activity).
Age-adjusted estimates of association between the nine predominate lifestyle patterns in men and risk of colon cancer (table 3) showed that Western, no drugs, and body size were all directly associated with colon cancer. Physical activity and calcium/low-fat dairy were inversely associated with colon cancer. Among all women, age-adjusted associations showed that Western and medication and supplementation were directly associated with colon cancer risk, while calcium/low-fat dairy and physical activity were inversely associated with risk (table 4) .
We further evaluated lifestyle factors, taking into account other lifestyle factors by age at time of diagnosis and by tumor site within the colon for men and women. It appears that estimates of association from the fully adjusted logistic models (tables 5 and 6) are almost identical to those from the age-adjusted models (tables 3 and 4). However, the importance of lifestyle factors varies by sex, age at diagnosis, and tumor site within the colon. More lifestyle patterns are importantly associated with colon cancer among men than among women, among those diagnosed at a younger age than among those diagnosed when older, and among those with distal tumors rather than proximal tumors.
For both men and women, Western, calcium/low-fat dairy, physical activity, and medication and supplementation aspects of lifestyles were associated with risk (tables 5 and 6). Among men, body size also contributed to risk. Patterns observed for those diagnosed before age 67 years were similar to those observed for the total population, but Western was slightly more strongly associated with risk in this younger age group. Among individuals who were older at the time of diagnosis, physical activity and medication and supplementation were the only factors associated with risk among women; among men, Western and body size continued to contribute to risk. Physical activity and medication and supplementation were associated with risk among those with proximal tumors in both men and women. It is of interest to note that the upper bound of the confidence interval associated with physical activity among men was 0.50. Among women with proximal tumors, moderation is inversely associated with risk, while among men, Western is directly associated with risk. The associations between Western and body size and distal colon tumors is stronger than that observed for proximal tumors among men.
DISCUSSION
This study was designed to examine associations between dietary intake, including nutrients as well as foods, physical activity, and other lifestyle factors and risk of colon cancer. Several lifestyle patterns emerged that explained variability in the data. Of these factors, the first five were related to diet. Although this study focused on diet and therefore included many dietary exposures in developing lifestyle patterns, this observation suggests that differences in diet explain much of the variability in the population. On the other hand, exposures such as physical activity explained little variability in the population, possibly because few people regularly engage in vigorous activities. Family history of coiorectal cancer did not generally load to any factor, suggesting that it explains very little of the variability in the spread of the data, even though it has been shown repeatedly to be an important risk factor for colon cancer (1). Thus, our examination of lifestyle patterns includes factors that explain variability in the population, but does not include all risk factors for colon cancer. In instances in which interpretation of the data is not improved beyond that by an individual variable, lifestyle factors are not generated.
Each lifestyle pattern contains elements of what we have traditionally considered good and bad factors. This is most evident when we examine lifestyle patterns loading heavily on dietary variables and may account for the somewhat low overall association between these patterns and the risk of colon cancer. Thus, the risk associated with each lifestyle factor is influenced by how heavily it is loaded with good and bad factors. The lifestyle patterns that contribute most consistently to risk are those that load heavily on a few variables, such as those that we labeled as physical activity and medication and supplementation, yet describe more variability in the population than each variable independently.
Studies have repeatedly shown that risk factors associated with colon cancer may vary by age at diagnosis, tumor site within the colon, and sex of the case (1, (18) (19) (20) . In our evaluation of lifestyle patterns, it appears that certain lifestyle patterns, such as those involving high levels of physical activity and those that are associated with using drugs such as NSAIDs, are important for all subgroups. Others lifestyle patterns have stronger or weaker associations depending on the subgroup being assessed. For instance, factors associated with a Western lifestyle have been thought • Ail factors in the same model. Best-fit models were determined from those factors that significantly improved the fit of the logistic regression model. t OR, odds ratio; Cl, confidence interval.
to be more important for distal tumors (21) . In our data, Western and calcium/low-fat dairy lifestyles were more associated with distal tumors than with proximal tumors. On the other hand, proximal tumors have been thought to be more related to endogenous factors than to exogenous factors (21); the lifestyle patterns most associated with proximal tumors were physical activity, medication and supplementation (including HRT among women), and moderation among women and Western among men. In general, we observed that more lifestyle patterns appeared to be important for men than for women in relation to colon cancer. This finding is supported by the literature that suggests that men who migrate adopt the rates of the host country sooner than do women (2).
Factors loading on dietary components have a greater influence on risk of colon cancer among people diagnosed at a younger age than among those diagnosed at an older age. As in other studies, few factors appear to be associated with risk among older women (4, 5, 19, 22) . There are limitations to this study. Direct measurement of lifestyle patterns is impossible, and therefore, our assessment of lifestyle patterns relies on statistical manipulation of data. However, it is built on our knowledge of colon cancer and of associations previously identified within this and other databases. Patterns that emerged were, for the most part, interpretable and consistent for men and women. Labels assigned to these lifestyle patterns were arbitrary and • Ail factors in the same model. Best-fit models were determined from those factors that significantly improved the fit of the logistic regression model. t OR, odds ratio; Cl, confidence interval.
represent our interpretation of the data; others may label these lifestyle patterns differently. These data represent aspects of lifestyle patterns identified within the population being studied. The importance of these patterns may vary between populations. The patterns were developed based on their ability to explain the variability in the data and, as previously mentioned, do not account for all individual items that may be associated with colon cancer risk.
Other studies have used similar statistical methods to evaluate eating patterns and health (14, (23) (24) (25) . In contrast to our current study of lifestyles, our evaluation of eating patterns from this population included a more detailed listing of foods and did not take into consideration nutrients (other than total energy) and environmental exposures in their development (14) . As in these analyses, a dietary pattern typified as a Western diet was directly associated with risk, as was the lifestyle pattern we defined as Western. The eating pattern we formerly identified as the "substitutor" may model the lifestyle of "moderation," in which changes were made that were considered healthy, but did not carry the same weight as other eating and lifestyle patterns reflective of more stringent patterns, such as the "prudent" eating pattern. Development of lifestyle patterns using our previously constructed eating patterns (14) , rather than nutrients and foods, yielded slightly different results. The primary difference was a stronger increase in risk associated with factor 1 (Western), while loaded heavily with the Western diet. In men, the risk estimate was 2.05 (95 percent confidence interval: 1.55, 2.71), while in women, it was 1.50 (95 percent confidence interval: 1.13, 1.99), comparing the upper with the lower quartile of intake. The prudent diet, which we previously identified as being protective, did not dominate any factor and had loadings of approximately 0.25-0.35 for most factors. Associations with physical activity and other factors were similar to those presented here. In general, however, our ability to describe lifestyle patterns was easier when we utilized foods and nutrients as the primary input data in constructing the factors than when we used previously generated scores.
While there are benefits to the assessment of lifestyles in conjunction with public health practice, it is important to evaluate these factors in terms of identification of factors that may contribute to colon cancer risk beyond the individual components within the factors. Comparison of individual contributors with factor loadings of more than 0.50 to lifestyle factors shows that in most instances the lifestyle pattern reinforces previously identified factors for all subjects; however, there is variability in subgroups of the population for individual exposures, as shown for lifestyle patterns. Some lifestyle factors, such as physical activity, appear to be slightly stronger, while individual contributors to the lifestyle of moderation appear to be slightly weaker than some of the contributors to the lifestyle, such as dietary fiber and vegetable intake. This is in contrast to previously reported eating patterns, developed based solely on food intake, that showed stronger and more consistent associations for overall patterns than for individual components of patterns (14) .
In summary, these data support the hypothesis that lifestyle patterns are important determinants of colon cancer risk. These data stress the importance of incorporating physical activity into one's lifestyle, not becoming overweight, and eating a diet that is low in animal products and high in plant foods and low-fat dairy products. A lifestyle that incorporates using drugs such as aspirin, NSATDS, and HRT also appears to be beneficial. While certain lifestyle patterns appear to be related to certain subgroups within the population, the importance of developing a lifestyle that incorporates vigorous physical activity appears to be universal to all groups evaluated and may be the most important component of a healthy lifestyle that decreases risk of colon cancer. Assessment of lifestyle patterns has direct implications for public health practice, although they contribute less to identification of new, previously unrecognized risk factors for colon cancer.
